Objectives: Despite the numerous health risks associated with being overweight, the effect of weight loss on health and longevity remains controversial, particularly in older adults. We explored the association among weight changes, health outcomes, and mortality in older residents of a skilled nursing facility.
A pproximately 3 million people worldwide die yearly of overweight or obesity. 1 Being underweight is associated with malnutrition, whereas being obese is considered a disease state that requires medical intervention. 2 The association between body weight and health outcomes in the older adult population remains unclear, however. 3 Studies investigating the relations among body weight, morbidities, and all-cause mortality support a consistent relation in younger but not older adults. [4] [5] [6] Moreover, only a few preliminary studies have explored this relation specifically in the skilled nursing facility (SNF) setting.
Numerous studies show that for older adults, being overweight does not increase the risk of morbidity and mortality. [6] [7] [8] [9] A meta-analysis of 28 studies investigating the influence of an elevated body mass index (BMI) on mortality risk in adults aged 65 years and older did not show any association between overweight BMI and significant increase in risk of death. 7 In a 15-year cohort study with 19,518 subjects, Visscher et al found that being overweight or obese was associated strongly with morbidity, disability, and decreased quality of life in younger but not older adults. 8 Similarly, Corrada et al showed that obesity was significantly associated with increased mortality for people younger than 75 years but not those 75 and older. 6 Flegal et al also found that being overweight (BMI 25.0-29.9 kg/m 2 ) was not related to increased mortality in older adults. 9 Other researchers, however, warn that for older adults obesity is still dangerous, leading to a greater number of health complications and more severe disease, which ultimately decrease their quality of life and longevity. 10 Indeed, some studies suggest that overweight BMI may even have a protective effect for older adults. [11] [12] [13] Auyeung et al found that overweight in older men was associated with lower mortality. 12 Similarly, in a sample of 80-year-olds, Takata et al found that mortality in the overweight group was 52% lower than that in the normal-weight group. 13 In other studies, however, BMI in the overweight (25.0-29.9 kg/m 2 ) and obese (≥30.0 kg/m 2 ) ranges both were associated with poor health outcomes in older adults. [14] [15] [16] For example, in a study with adults aged 50 years and older, Andreyeva et al found that compared with normal-weight individuals, those with a higher BMI had significantly greater risks for worse self-reported health, disability, and chronic health conditions.
14 Similarly, Hubbard and colleagues showed that among 3055 community-dwelling adults aged 65 years and older, frailty was greatest for those with low and extremely high BMIs. 15 Somes et al suggest that weight change in older adults is a better predictor of mortality than both static weight measures and baseline BMI. 17 The researchers used data from the Systolic Hypertension in the Elderly Program and found that yearly weight change predicted mortality better than did BMI. 18 These results were found even in older adults with a high or low baseline BMI in whom weight stability was associated with a lower mortality risk.
In another observational cohort study of 4714 communitydwelling adults aged 65 years and older, ≥5% body weight loss in a 3-year period was associated with an increased risk of death. 18 Interestingly, the increased mortality risk in older adults was similar for those with and without serious illness during the period when their weight changed. Weight gain of 5%, however, was not associated with increased mortality risk. Similarly, in a cohort study of 983 older adults living in the community, unintentional weight loss and underweight BMI both were associated with increased mortality risk, whereas being overweight or obese was not. 19 In a 2014 study, Zajacova and Ailshire investigated the relation between body weight changes and mortality risk using data from the Health and Retirement Study, a 16-year survey of 9703 adults aged 51 to 61 years old at baseline. 20 The researchers categorized overweight into three distinct classes of BMI trajectories: stable overweight, obese gaining, and obese losing. In this study, the obese gaining group had an approximately 50% higher mortality risk but the highest mortality was found in the obese losing group of older adults. It is interesting to note that weight loss was associated with high mortality risk even when BMI change was from obese to overweight, which generally is viewed as a healthy weight change.
The relation between weight change and mortality in older adults residing in long-term care settings has been investigated infrequently, with results showing contradictory findings. Ryan et al retrospectively reviewed the medical records of 153 longterm care residents and found that residents who lost at least 5% body weight in 1 month were 4.6 times more likely to die within 1 year. 21 Similarly, Sullivan et al found that residents who lost ≥5% in any month had a 10-fold increased risk of death compared with those who gained weight. 22 In a 9-year prospective study with 1614 Chinese residents of nursing facilities, however, Lee et al found that weight loss was not associated with higher mortality at all follow-up durations. 23 In that study, a higher BMI was found to be significantly protective. 23 As demonstrated above, the literature exploring the relation between body weight and longevity in older adults remains inconsistent. Furthermore, and of particular relevance to clinicians involved in the chronic care of older adults, only a limited number of studies have investigated the relation between weight change and major health outcomes for older adults residing in SNF settings. Unfortunately, even these studies have found contradictory results, necessitating further research into the relation between weight change and health outcomes.
The two primary objectives of this study are to determine whether BMI at baseline is associated with mortality and to investigate whether there is a relation between weight change (loss, stable, or gain) and health outcomes including mortality and the number of hospitalizations in an at least 12-month period in older SNF residents.
Methods
This is a retrospective chart review study that was conducted with residents aged 65 years and older at a 200-bed SNF in the New York metropolitan area, staffed by 10 physicians. After a waiver of consent was obtained from our institutional review board, electronic charts were evaluated for the following information: sex, age, race, weight (collected monthly for the first year in the facility) and height, BMI, admission and discharge dates, admitting diagnosis, mobility status, presence of do not hospitalize (DNH) order, palliative program, mortality, date of death, hospitalizations, and length of stay (LOS) in SNF. In addition, medical history data, including hypertension, dementia, diabetes mellitus, hypothyroidism, cancer, hyperlipidemia, coronary artery disease, and congestive heart failure (CHF), were collected.
Statistical Analysis
The primary outcome variables were mortality after at least 12 months of residence in an SNF and the number of hospitalizations during the entire long-term care facility stay.
Independent variables included weight changes and BMI measurement at baseline. Weight changes were calculated as the simple difference between the 12-month follow-up measurement and the baseline measurement in percentage. Those who lost >5% were defined as having lost weight, those who gained >5% were defined as having gained weight, and intermediate changes (≤5% weight loss or gain) were defined as having stable weight. BMI measurement at baseline was calculated using baseline weight and height data and then categorized as follows: <18.5 underweight, 18.5 to 24.9 normal weight, 25 to 29.9 overweight, and ≥30 obese.
Descriptive statistics (mean and standard deviation for continuous variables, proportions for categorical variables) were calculated. Associations between weight change (and other demographic and clinical variables) and mortality outcome were each assessed using the χ 2 or the Fisher exact test, as appropriate. Factors found to be significantly associated with number of hospitalizations on univariate analyses at the P < 0.1 level were considered for inclusion in a multivariable regression model. Because of evidence of overdispersion in the multivariable Poisson model, negative binomial (NB) regression was applied for the final multivariable model and determined to be a better fit for the data, however. To account for varying LOS in SNF across subjects, an offset variable for the LOS (log of LOS) was included in all Poisson and NB regression analyses. We also analyzed the baseline BMI category, with each outcome using the same analytical methods described above. Secondary analysis included investigation of the association between weight change category and patient disposition using the Fisher exact test. Any result yielding a P value <0.05 was considered significant. All of the analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Of 131 subjects who met inclusion criteria, 13 were excluded because of missing baseline weight or 12-month weight measurements, and 2 additional subjects were excluded because of follow-up not being at least 1 year, leaving a total of 116 patients for mortality analysis. In the 116 residents analyzed, the median age was 84 (interquartile range [IQR] 10.5), with 71.6% women and 88.7% white (Table 1) . Median weight and BMI at month 1 were 137.3 lb (IQR 44.4) and 23.5 (IQR 5.5), respectively. Approximately one-third (36.2%) of residents had stable weight, 37.9% gained weight, and 25.9% lost weight, with a median weight change of 2.8 lb (IQR 21.8) during the first 12 months at the SNF. The median LOS was 877.5 days (IQR 513). Only 15.2% of participants were able to ambulate independently, 58% with assistance, and 26.8% were out of bed only. A few residents were enrolled in a palliative program (3.5%) and 6.9% had a DNH order. The majority (67.2%) received nutritional supplementation. Table 2 shows demographic and clinical factors associated with weight change category. The presence of a DNH order was the only variable that was significantly associated with weight change category (P = 0.036). Residents with a DNH order were more likely to lose weight (37.5%) compared with those without the order (25.0%). Sex, race, mobility status, and being in a palliative program and receiving nutritional supplementation were not significantly associated with weight change category.
We also assessed whether resident medical history was significantly associated with weight change (Table 3) . Hypothyroidism was the only condition significantly associated with the weight change category (P = 0.029). Residents with a history of hypothyroidism were more likely to gain weight (64.7%) compared with those without a history of this condition (33.3%). All other conditions in the resident's medical history were not significantly associated with weight change category.
Results from the χ 2 and Fisher exact tests showed that a history of hypertension was significantly associated with mortality ( Table 4 ). The risk of death among subjects with a history of hypertension was found to be 2.3 times greater than the risk of death among subjects without a history of hypertension (95% confidence interval [CI] 1.1-4.9, P = 0.008). CHF also was significantly associated with mortality. The risk of death among residents with a history of CHF was 1.6 times greater than the risk of death among residents with no history of CHF (95% CI 1.1-2.4, P = 0.046).
Weight change category (loss >5%, stable weight, gain >5%) was marginally not significantly associated with mortality (P = 0.056; Table 5 ). Baseline BMI category (underweight, normal, overweight, obese) also was not associated with mortality (P = 0.518); however, significant associations with mortality were found among subjects receiving tube feeding (P = 0.013) and those taking nutritional supplements (P = 0.032). Residents receiving nutritional supplements were more likely to die than those not receiving nutritional supplementation (78.0% vs 22.0%).
The final multivariable logistic regression model for mortality included weight change category (although not statistically significant, this variable was kept in the model because it was of primary interest), supplement status, and hypertension status (P = 0.27, P = 0.04, and P = 0.04, respectively). The results show that the odds of mortality among those receiving a supplement were 2.7 times greater compared with the odds among those not receiving supplementation, after covariate adjustment (95% CI 1.1-6.6). Lastly, the results also show that the odds of mortality among those having hypertension were 3.0 times greater than the odds among those without hypertension, adjusting for the other factors (95% CI 1.0-8.6).
Results from the univariate Poisson regression analyses yielded the following significant associations (at P < 0.1 level) with number of hospitalizations: weight category (P = 0.0028), sex (P = 0.0015), BMI category (P = 0.0663), admitting diagnosis (P = 0.0015), mobility status (P = 0.0075), diabetes mellitus (P = 0.0339), hypertension (P = 0.0009), dementia (P = 0.057), hypothyroidism (P = 0.029), cancer (P = 0.007), hyperlipidemia (P = 0.0736), CHF (P = 0.0037), end-stage renal disease (P = 0.0135), supplementation (P = 0.0545), and tube feeding (P < 0.0001). The final multivariable NB regression model included weight change category, sex, supplement status, and tube feeding status. The results show that losing weight >5% (compared with maintaining stable weight; P = 0.0097), being a man (P = 0.0104), receiving a supplement (P = 0.0171), and being fed by tube (P = 0.0004) each increased significantly the number of hospitalizations after covariate adjustment. There was no significant difference in the number of hospitalizations between patients who gained >5% compared with patients who maintained stable weight (P = 0.28). Lastly, there was evidence of a statistically significant relation between weight change category and patient disposition (alive, not yet discharged; discharged home; died in the hospital; or died in long-term care; P = 0.030). Specifically, patients who lost >5% of their body weight were more likely to die in longterm care (56.7%) as compared with subjects with stable weight (28.6%) or >5% weight gain (22.7%).
Discussion
The objectives of this study were to determine whether BMI at baseline is associated with mortality and to investigate whether there is a relation between weight change (loss, stable, 
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Southern Medical Journal • Volume 110, Number 7, July 2017 or gain) and outcomes including mortality and number of hospitalizations in at least a 12-month period in older adults residing in SNFs. Previous studies investigating weight changes and mortality specifically in the SNF setting have found that residents who lost at least 5% body weight were 4.6 to 10 times more likely to die within 7 to 12 months. 21, 23 In a 2015 study, Pizzato et al found that weight loss during the course of 1 year was associated with increased risk of death in Italian SNF residents. 24 In our study of residents with a median age of 84, we found that neither BMI at baseline nor weight change category was a significant predictor of mortality. Our results are similar to that of Lee et al, who found that weight loss was not associated with higher risk of death 22 ; however, unlike the Lee et al study, we did not find that a higher BMI was protective. The differential risks associated with portal or central distribution of body fat (occurring more often in men) compared with lower gynoid body fat accumulation (more often found in women) may explain why weight changes and BMI were not associated with mortality in our study. We found that receiving supplementation and having a history of hypertension significantly and independently increased the odds of death.
We also found that losing >5% body weight (compared with maintaining stable weight), being a man, and receiving a supplement or tube feeding each increased the number of hospitalizations significantly (after covariate adjustment). There are numerous possible explanations for this finding. Weight loss typically is associated with a decreased desire to eat or increased disease burden, which is an ominous sign in older adults. Being male is a risk factor for morbidity when compared with being a female in this age group. Men are expected to have more advanced disease states that trigger hospitalizations in advance of death. [25] [26] [27] Receiving supplements usually means that the patient has experienced weight loss, triggering an action plan; as such, many of these patients also probably fall into the weight loss category. Lastly, tube feeding is a poor outcome sign that usually is associated with multiple comorbidities and mechanical issues that prompt hospital admissions.
The marginally nonsignificant relation between weight change category and mortality obtained in our study may have resulted from more frequent monitoring by medical professionals and the subsequent diet adjustment for residents who were losing weight. The care provided in long-term care settings is much more regulated and consistently monitored when compared with outpatient care. A standard definition of significant weight loss (5% weight loss in 30 days or 10% weight loss in 180 days) is used in SNFs. Weight is monitored frequently, as per standards of care and regulatory requirements (at least monthly). When residents begin to lose weight, their nutritional status is immediately assessed and addressed by the interdisciplinary team to prevent further weight loss.
Our findings need to be interpreted within the study's limitations, including the retrospective chart review methodology and relatively small sample size. Retrospective chart review methodology has numerous disadvantages, including difficulty in controlling for confounders, accuracy of written records, missing or unrecorded documentation, and an inability to establish causality. 28, 29 Using this methodology, however, allows for the collection of comprehensive clinical data without considering potentially unethical or infeasible prospective random assignment. 30 Moreover, a strength of our study is that we collected objective weight change data rather than rely on self-report weight measures as reported in other studies.
Our sample consisted primarily of white female residents, which limits widespread clinical assumptions. The Centers for Medicare & Medicaid Services annual SNF data compendium from 2013 shows that women constitute 66.8% of the overall SNF population and 78.7% are non-Hispanic whites. 31 Our study sample was similar to that of the Centers for Medicare & Medicaid Services report, with 71.6% women and 88.7% white, supporting the generalizability of our findings to other similar SNF settings in the United States. Our results may not be generalizable to SNF settings with a higher proportion of male and minority residents, however.
Conclusions
Weight fluctuation and BMI do not appear to be associated with increased risk of death in residents residing in a SNF setting. Receiving supplementation and having a history of hypertension significantly and independently increased the odds of death. Moreover, losing >5% body weight (compared with maintaining stable weight), being a man, and receiving a supplement or tube feeding significantly increased the number of hospitalizations. Future research should assess diet modifications on the relation between weight change and mortality in SNF settings.
